Postharvest life of Thai guava fruits is limited due to skin damage and physicochemical changes during cold storage. Both methyl jasmonate (MeJA) and heat treatments are potential approaches maintaining postharvest quality of fruits. Thus, the aim of this work was to investigate the effects of hot water and MeJA immersion on physicochemical quality of 'Kim Ju' guava fruit during storage at 12 ± 1 °C for 18 d. The fruit were immersed in hot water at 40 °C for 30 min (H), 0.1 mM MeJA for 10 min (0.1 mM MeJA) or H followed by 0.1 mM MeJA (H + 0.1 mM MeJA) and untreated fruit were used as control. The determined parameters were visual appearance, colour, texture, pectin substances, antioxidant activities, bioactive compounds and antioxidant enzymes activities. The results showed that H + 0.1 mM MeJA treatment maintained visual appearance and colour as compared to 0.1 mM MeJA, H or control treatment, consequently. The treatment of H + 0.1 mM MeJA retarded softening according to the inhibition of soluble pectin increase and insoluble pectin decrease. The treatment enhanced the both antioxidant and free radical scavenging activities as compared to control. These were accompanied with the increments of bioactive compounds such as ascorbic acid, total phenols, flavonoids and peroxidase activity and the retardation of catalase activity decrease. In conclusion, the H + 0.1 mM MeJA treatment could maintain postharvest qualities involving visual appearance and texture and enhanced nutritional value of guava fruit during cold storage.
INTRODUCTION
Guava (Psidium guajava L.) is a well-known exotic tropical fruit containing high nutritional values, especially antioxidants, vitamin C, dietary fibre and minerals (Rai et al., 2010) . Guava is an important commercial fruit in Thailand where is one of guava producers to global market (FAO, 2011) . Most commercial guava cultivars grown in Thailand are white guavas and consumed at mature-green stage. The bright-green peel colour, crispy white flesh and sweet with slight sour taste are the desirable eating characteristics of Thai guavas. The well-known commercial Thai guava cultivars are 'Klom Salee', 'Paen Srithong' and 'Kim Ju'. Among these commercial cultivars, 'Kim Ju' guava has been the most acceptable cultivar for market and its demand is high. However, the main problems affecting the commercialization of Thai guavas are highly perishability due to moisture loss, skin browning incidence, softening and fungal deterioration. Under tropical condition in Thailand, guava fruit generally undergo rapid ripening in 3-4 days at room temperature which cold storage is required to preserve postharvest quality. However, cold storage alone may not enough to control the postharvest problems of the fruit and it may induce chilling injury (González-Aguilar et al., 2004) . Typical chilling injury symptoms found in guava during storage are skin discoloration and browning incidence (Goulart Nunes Mamede et al., 2016) . The recommended optimum storage temperature of guava is about 10 °C (Kader, 1999; Silip and Hajar, 2007) . Kader (1999) suggested that mature guava can be held at 10 °C for 2 -3 weeks. Recently, several postharvest treatments have been applied with cold storage in order to maintain postharvest quality, prolong shelf-life and alleviate physiological disorders of fresh commodities (Wills et al., 2007) . Heat treatments including hot water immersion, hot air and hot vapour have been utilised as quarantine treatment for guavas (Gould, 1994; McGuire, 1997; Wang and Lin, 2009 ). Heat treatment is feasible to retard ripening, prevent decay and delay the reduction of bioactive compounds in a number of flesh commodities during storage Promyou et al., 2012; Supapvanich et al., 2012) . McGuire (1997) suggested that hot water immersion at 46.1 °C for 35 minutes minimized overall loss of guava quality during storage. Recently the combination of heat treatment with other postharvest approaches including controlled atmosphere storage (Murray et al., 2007) or chemical treatments (Cao et al., 2010; Supapvanich and Promyou, 2017) have been applied for postharvest quality maintenance beside cold storage alone.
Methyl jasmonate (MeJA) is recognised as an elicitor playing important roles in responses to stresses and plant development (Zhao et al., 2013; Asghari and Hasanlooe 2016; Somata et al., 2017) . Postharvest application of MeJA can alleviate physiological disorders, especially chilling injury, control postharvest diseases and enhance nutritional value such as antioxidant and bioactive compounds in fruit and vegetables (Wolucka et al., 2005; Khan and Singh, 2007; Men et al., 2009; Wang et al., 2015; Pereira da Silva et al., 2017) . Asgjari and Hasanlooe suggested that exogenous MeJA application enhanced postharvest life, total antioxidant activity and antioxidant enzymes yields of 'Sabrosa' strawberry fruit during storage. González-Aguilar et al. (2004) reported that MeJA treatment alleviated skin browning and discoloration caused by chilling injury, induced sugars accumulation and enhanced ascorbic acid content in both white and red guavas. These indicate that MeJA treatment is a potential means for maintaining physicochemical quality and alleviating physiological disorders and enhancing antioxidant activity of fresh commodities during storage. However, the combinative use of heat and MeJA treatment on postharvest quality of guavas is not found at moment. Thus, the aim of this work was to investigate the combinative effects of hot water and MeJA treatment on physicochemical quality of 'Kim Ju' guava fruit during cold storage.
MATERIALS AND METHODS

Plant materials and MeJA solutions preparation
'Kim Ju' Guava (Psidium guajava L.) fruit were purchased from an orchard at Baan-Na district, Nakon Nayok province, Thailand. The fruit were harvested at commercial mature-green stage (100 d after anthesis). The fruit quality were screened on the basis of uniform size (200-230 g per fruit) and free from physical damages and diseases at the orchard before delivered to Crop Production Technology Laboratory, Department of Agricultural Education, King Mongkut's Institute of Technology Ladkrabang within 2 h. The fruit were again screened using Minolta colorimeter CR 300 (Minolta Camera Co., Japan) which the a* value of fruit peel was in the range of -15 to -17. Afterwards, they were cleaned with tapped water and air-dried at room temperature (RT) (28±1 °C) for 15min.
Treatments
In our preliminary experiments, the effects of MeJA concentrations and hot water treatments on physical quality of 'Kim Ju' guava fruits were determined. We found that 0.1 mM MeJA immersion for 10 min maintained overall visual appearance and retarded skin damage of the fruit rather than the immersion of 0.01 mM MeJA and control treatment. Hot water immersion at 45 °C for 15 or 30 min caused the peel browning incidence while the fruit were immersed in hot water at 40 °C for 30 min maintained overall visual appearance better than the fruit immersed in hot water at 40 °C for 15 min and control, respectively (data not shown). In this experiment, the fruit were divided into 4 groups, using 35 fruit per group; in the first group, the fruit were immersed in water at RT for 30 min (control), in the second group, the fruit were immersed in hot water at 40 °C for 30 min (H), in the third group, they were immersed in 0.1 mM MeJA solution for 10 min (0.1 mM MeJA) and in the fourth group, they were immersed in H followed by immersion in 0.1 mM MeJA (H + 0.1 mM MeJA). After treatments, the fruit were air-dried at RT for 15 min. The fruit was individually wrapped with a LLDPE film (commercial plastic film for guava) and covered with a foam net before storage at 12±1 °C, 87 ± 2 % RH for 18 d. Five fruit of each treatment were separated to investigate visual appearance, weight loss and superficial colour attributes throughout storage. Other five fruits were periodically taken to determine texture, pectin substances, ferric reducing antioxidant potential (FRAP), free radical scavenging activity, bioactive compounds such as ascorbic acid (AsA), total phenols and flavonoids contents and certain antioxidant enzymes activities such as catalase (CAT) and peroxidase (POD) in every 3 d during storage.
Visual appearance and colour attributes measurements
Visual appearance of the fruit during storage was estimated by taking photographs. Guavas were periodically taken photographs on day 0, 6, 12 and 18 of the storage. Superficial colour attributes of the fruit were measured using a Minolta colorimeter CR-300 (Minolta Camera Co., Japan). Colour attributes such as L*, -a*, b*, and ΔE* values of the fruit skin were recorded.
Texture measurement
Texture of the guavas was measured using a TA Plus Texture Analyzer (Lloyds, England) with a blade probe for cutting force measurement. The fruit were prepared by vertically cutting into 8 pieces and the endocarp was removed. The blade was driven at a speed of 20 mm sec -1 to a depth of 5 mm at the middle part of guava wedge. The maximum cutting force (Newton, N) was recorded.
Soluble-and insoluble-pectin substances determination
Fifteen gram of guava flesh was homogenized with 80 % (v/v) acetone at room temperature and the homogenate was filtered through a GF/A filter paper. All cell wall hydrolases in the cake were inactivated by adding phenol: acetic acid: water (2:1:1, v/v/v) was added into the cake and left at RT for 1 h. The sample was filtered through a GF/A filter paper and rinsed with 80 % acetone three times followed by 100 % acetone one time. The sample was dried in a desiccator. A 0.5 g of the acetone insoluble solid (AIS) was extracted with 50 mM Ethylenediaminetetraacetic acid (EDTA) consisting of 50 mM sodium acetate, pH 7, solution for 6 h at RT and then filtered using GF/A filter paper. The filtrate was collected and the cake was again extracted with 20 mL of 50 mM sodium carbonate (Na 2 CO 3 ) consisting of 20 mM sodium borohydride (NaBH 4 ) solution for 12 h at 4 °C followed by at RT for 2 h and then filtrated. Absolute ethanol was added into the both filtrates by making up the alcohol concentration to 80 ° (v/v) and the mixtures were left at RT for 24 h before filtrated. The precipitates of both EDTA and Na 2 CO 3 extractions were used to determine the concentration of soluble-and insoluble pectins, consequently, using method of Ahmed and Labavitch (1978) . The concentration of both pectin substances was expressed as g galacturonic acid (GalA) per kg AIS (g kg -1 ).
Antioxidant capacity and free radical scavenging activity assays
Five grams of guava flesh was homogenized with 15 mL of 80 ° (v/v) ethanol. Total volume of homogenate was adjusted to 30 mL with distilled water. The sample was stirred at RT for 30 min and then filtered through Whatman No.1 filter paper. The filtrate was collected to determine antioxidant capacity, free radical scavenging, total phenols and flavonoids contents. Antioxidant capacity of the extract was determined using Ferric reducing antioxidant potential (FRAP) method which described by Benzie and Strain (1996) with slight modification. A 0.1 mL of the extract was reacted with 2.9 mL FRAP reagent, consisting of acetate buffer pH 3, 10 mM 2,4,6-tripyridyl-1,3,5-triazine (TPTZ) and 20 mM ferric chloride hexahydrate in the ratio of 10:1:1. The reaction was left at RT for at least 30 min. Absorbance at 630 nm was measured. Total antioxidant capacity was calculated using a standard curve of trolox. Data were as mole Trolox equivalents per kg fresh weight (mol kg -1 ). DPPH free radical scavenging activity of the extract was slightly modified from the method of Brand-Williams et al. (1995) . Three mL of the extract was reacted with 0.5 mL of 1 mM DPPH in methanol. Absorbance at 517 nm was immediately measured after 1 mM DPPH was added (A 0 ) and the reaction was left in dark place at RT for 3 min (A 3 ). The absorbance was again recorded. The ability to scavenge DPPH free radical was calculated by using the following equation. Total phenols and flavonoids concentration of the extract were determined using the method of Slinkard and Singleton (1977) and Jia et al. (1999) , consequently. Total phenol assay was started when 1.0 mL of the extract was reacted with 1.0 mL of 50 % (v/v) Folin-Ciocalteu reagent and 2 mL of saturated Na 2 CO 3 solution. The reaction was left at RT for at least 30 min. Absorbance at 750 nm was observed. Total phenols concentration was presented in term of g gallic acid per kg fresh weight (g kg -1 ). Flavonoids concentration assay was started when 1.0 mL of the extract was mixed with 3.0 mL of distilled water and 225 µL of 0.5 % NaNO 2 . The reaction was left for 6 min at RT and then 450 µL of 10 % AlCl 3 -6H 2 O was added and left for 5 min. Finally, 1.5 mL of 1.0 M NaOH was mixed. The absorbance at 510 nm was recorded and flavonoids concentration was expressed as g catechin equivalents per kg fresh weight (g kg -1 ).
Ascorbic acid assay
Five of guava flesh was extracted with 20 mL of cold 5 % metaphosphoric acid using a homogenizer. The homogenate was centrifuged at 10,000 g for 15 min at 4 °C. Ascorbic acid concentration was assayed using the method of Hashimoto and Yamafuji (2001) . A 1.6 mL of the extract was well-mixed with 0.8 mL of 2 % di-indophenol and then 1.6 mL of 2 % thiourea and 0.4 mL of 1 % dinitrophenol hydrazine were added. The reaction was left at 37 °C for 3 h and 2 mL of 85 % sulphuric acid was then added. The mixture was left at RT for at least 30 min. Absorbance at 540 nm of the solution was observed and ascorbic acid concentration was calculated using a standard curve of ascorbic acid solution. Data were presented as g ascorbic acid per kg fresh weight (g kg -1 ).
CAT and G-POD activities assays
Five gram of guava flesh was homogenised with 25 mL of 0.1 M phosphate buffer (pH 6.5) containing 0.3 g of polyvinylpolypyrrolidone (PVPP) at 4 °C and the homogenate was then stirred for 3 h at 4 °C. Afterwards, it was filtered through a Whatman No. 1 filter paper. The extract was kept in an ice bath until used. CAT (EC 1.11.1.6) and Guaiacol-POD (G-POD) (EC 1.11.1.7) activities were determined using method of Andrade Cuvi et al. (2011) with slight modification. The reaction of CAT activity was started when 250 µL of the extract was added into 1.0 mL of the mixture of 0.1 M phosphate buffer (pH 7.0) and 0.15 mM H 2 O 2 . Aliquots of 300 µL of the reaction mixture were taken at 0, 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 min. and then mixed with the solution of 300 µL of 0.02 M TiCl 4 , 200 µL of conc. H 2 SO 4 and 1.35 mL of distilled water to stop the enzyme reaction. Absorbance at 410 nm was recorded. Unit (U) of CAT activity was defined as the amount of consumed H 2 O 2 per min per g fresh weight (U g -1 ). G-POD activity was started when 500 µL of the extract was added into the solution of 600 µL of 0.5 % (v/v) guaiacol mixed with 1.6 mL of phosphate buffer (pH 7.0). The absorbance at 470 nm was recorded when 300 µL of 0.059 M H 2 O 2 was added. Enzyme activity was determined by monitoring the increase in the absorbance at 470 nm. The unit (U) of G-POD activity was defined in term of the increase in OD 470 per min per g fresh weight (U g -1 ).
Statistical analysis
All data, except fruit appearance, were expressed as the mean of 10 fruits and standard deviation (SD). Statistical analysis was carried out using Analysis of variance (ANOVA) and the significance between means of data was compared using the least significant difference (LSD) test at the 5 % level.
RESULTS AND DISCUSSIONS
Peel colour attributes Fig. 1 shows superficial colour attributes such as L*, -a*, b*, and ΔE* values, of the guavas during storage. Both 0.1 mM MeJA and H + 0.1 mM MeJA immersions prevented the loss of peel L* value which they did not different over storage. Whereas,the L* value of control and H treated guavas decreased during storage. The -a* value of all treatments remained constant throughout storage. A slight increase in b* value of all treatments was found but they did not show significant difference during storage. These indicated that H, 0.1 mM MeJA and H + 0.1mM MeJA treatments had no effect the changes in -a* and b* values of the guava fruit over the storage period. The ΔE* value of the control and H treated fruits was progressively increased throughout storage and higher than that of both 0.1 mM MeJA and H + 0.1 mM MeJA treated fruits, respectively. The increase in ΔE* value was apparently related to the change in L* value during storage. This showed that the both MeJA treatments could retain the peel brightness of guava fruit. This was in agreement with the work of Zhao et al. (2013) which reported that postharvest treatment of MeJA delayed the changes in L*, hue angle and chroma values of 'Cavendish' bananas during storage. Boonyaritthongchai, et al. (2017) also suggested that postharvest immersion of MeJA lowered peel darkness of 'Nam Dok Mai' mango fruit during cold storage. As the results in Fig. 8 A and 1D showed that H treatment could not maintain L* and ΔE* values of the fruit peel whilst H + MeJA treatment retained those colour attributes of the fruit peel which was similar to MeJA treatment alone. This suggested that exogenous MeJA immersion at 0.1 mM has more effect maintaining guava fruit colour than the hot water immersion.
Visual appearance
The visual appearance of guava fruits was shown in Fig. 2 . It was shown that the visual appearance of guava fruit was accompanied with the superficial colour changes as shown in Fig. 1 . Greenness of the fruits did not apparently change throughout the storage which was similar to the change in -a* value (Fig. 1B) . Brown flecks on the fruit skin were slightly found in the control fruit after storage for 6 d. On day 12, the visual appearance of control fruit looked worse than that of other treatments due to browning incidence and brown rots. The brown rot was found in control, H and 0.1 mM MeJA treated fruits, whilst it was not found on H + 0.1 mM MeJA treated fruit. This indicated that H + 0.1 mM MeJA immersion could inhibit brown flecks and rots on guava fruit during cold storage for 18 d. The increase in brown flecks or skin discolouration during storage was concomitant with the reduction of L* and the increase in ΔE* values ( Fig. 1A  and 1D ). González-Aguilar et al. (2004) suggested that skin browning and discolouration are typical symptoms of chilling injury or excessive water loss of guavas. Thus, the brown flecks found on guava skin in this recent work might be due to the symptom of chilling injury because the overall weight loss of guava fruit was lower than 3.5% over the storage (data not shown). The both MeJA treatments could retard peel browning incidence compared to control and H treated fruits. This was in agreement with the work of González-Aguilar et al. (2004) which MeJA application inhibited skin browning of both red-and white-flesh guavas during cold storage. The recent work also showed that H treatment alone could alleviate skin browning incidence but was not good enough as compared to MeJA immersions. McGuire (1997) reported that hot water quarantine treatment at 46.1 ± 0.2 °C for 35 min caused susceptibility to chilling injury and decay of guava. Similarly, our preliminary work showed that hot water immersion at 45 ± 1 °C for 30 min caused skin damage within 24 h after treated (data not shown). This suggested that the proper hot water treatment of 'Kim Ju' guava fruit is approximately 40 °C for 30 min, due to avoid skin damage caused by excessive heat. The combinative treatment of H and 0.1 mM MeJA could eliminate browning incidence and brown rots of the guava fruits better than the treatment of H or MeJA alone. This was in agreement with previous reports which the combination effect of heat and MeJA treatment alleviated skin damage caused by chilling injury and retained postharvest quality of peach fruit ) and loquat fruit (Jin, et al., 2014) . In the next determination, H + 0.1 mM MeJA immersion was selected to observe the physicochemical changes involving texture, pectin substances, bioactive compounds, certain antioxidant enzymes activities, antioxidant capacity and free radical scavenging activity of 'Kim Ju' guava fruit during storage. 
Texture and pectin substances
The changes in texture and the concentrations of both soluble (EDTA-soluble) and insoluble (Na 2 CO 3 -soluble) pectins of control and H + 0.1 mM MeJA treated guava fruits were presented in Fig. 3 . Cutting force of the both control and treated fruit declined during the storage. Compared to the control, the cutting force of H + 0.1 mM MeJA treated guava fruits was higher over the storage period. At the end of the storage, the cutting force of control fruit declined approximately 37 % whilst that of H + 0.1 mM MeJA treated fruit decreased approximately 30 % when compared to that of the fruit in initial day of storage. The reduction of cutting force of guava fruits was associated with the changes in both soluble and insoluble pectins concentrations during storage.
On the initial of storage, amounts of the both soluble and insoluble pectins concentrations of each treatment were similar. Afterwards, soluble pectin concentration of both control and H + 0.1 mM MeJA treated fruit was increased during storage. The soluble pectin content of control was significantly higher than that of H + 0.1 mM MeJA treated fruit throughout the storage (P < 0.05). Whilst, the insoluble pectin content of H + 0.1 mM MeJA treated fruit remained constant throughout the storage and was significantly higher than that of control fruit which continuously decreased throughout storage. It is commonly acknowledged that softening of fruit including guavas is concomitant with pectin modification and degradation leading to the increment of cell wall polymers solubilisation (El-Buluk et al., 1995; Supapvanich and Tucker, 2013) . This work indicated that the treatment of H + 0.1 mM MeJA retarded the softening of guava fruits by maintaining the high level of insoluble pectin content and inhibiting the increase in soluble pectin content during storage. Previous works suggested that both heat and MeJA treatments can disrupt the alteration of both cell wall components and membrane in fruit (Meng et al., 2010; Lara et al., 2006; Paull and Chen, 2000; Klein et al., 1990) . Heat treatment alters cell wall composition by disrupting cell wall hydrolases (Paull and Chen, 2000) , delaying pectin solubilisation and maintaining insoluble pectin content (Klein et al., 1990; Lara et al., 2006) . Moreover, Heat treatment also strengthens cell membrane by maintaining the high level of unsaturated/ saturated fatty acids ratio and inhibiting membrane lipid peroxidation (Lurie, et al., 1995; Rui et al., 2010) . MeJA treatment can reduce oxidative reaction of cell membrane (Cao, et al., 2009 ), inhibit pectin de-esterification and maintain high level of calcium content in cell wall (Meng et al., 2009 ). Thus, the combinative treatment of H and 0.1 mM MeJA could retard the softening of guava fruit through the delay of cell wall modification and probably strengthening membrane structure. Fig. 4 shows the changes in bioactive compounds including AsA, total phenols and flavonoids concentrations of guava fruits during storage. The results showed that AsA, total phenols and flavonoids concentrations were enhanced by H + 0.1 mM MeJA treatment. The AsA and total phenols contents of treated fruit increased B C A Supapvanich, et al. during storage and reached to the peak on day 15. Afterwards, both compounds declined apparently. Flavonoids content of H + 0.1 mM MeJA treated fruit also increased and reached to the peak on day 9 before gradually declined throughout storage. In control fruit, AsA concentration seemed constant throughout storage and total phenols concentration was retained for 15 d and then declined. The flavonoids concentration of control gradually increased during storage for 6 d and then declined throughout storage. The significant difference in flavonoids concentration of both control and H + 0.1 mM MeJA treated guava fruits was found after storage for 6 d which flavonoids content of the treated fruit was higher than that of control fruit until the end of storage. These results indicate that H + 0.1 mM MeJA immersion can enhance bioactive compounds contents including total phenols, flavonoids and ascorbic acid of guava fruit. In a similar vein, Jin et al. (2009) reported that the combination of heat and MeJA treatment maintained the high levels of vitamin C and total phenols concentration of peach fruit over cold storage. Moreover, previous works also reported that both hot water and MeJA treatments could enhance bioactive compounds contents in fruit and vegetables (Kim et al., 2006; Mirdehghan et al., 2006; Schirra et al., 2007; Supapvanich, et al., 2012; Wang et al., 2015) . It has been recently confirmed that MeJA induces phenylalanine ammonia-lyase activity leading to the accumulation of bioactive compounds and the enhancement of antioxidant system in plants (Wang and Zheng, 2005; Kim et al., 2006, Heredia and Cisneros-Zevallos, 2009; Wang, et al., 2015) . Wolucka et al. (2005) suggested that MeJA treatment induces the transcription of ascorbic acid biosynthesis genes leading to the increase in ascorbic acid concentration in plants. Moreover, Pereira da Silva, et al. (2017) reported a marked increase of ascorbic acid concentration in mature-green 'Kumagai' guavas after treated with MeJA. However, certain previous works suggested that hot water immersion did not induce ascorbic acid concentration in a range of fresh commodities such as pomegranate (Mirdehghan et al., 2006) , sweet leaf bush , rambutant (Supapvanich, 2015) and papaya (Supapvanich and Promyou, 2017) . From these, we assumed that the increase in ascorbic acid concentration in the treated guava fruits might associate with the action of MeJA rather than H.
Ascorbic acid, total phenols and flavonoids concentrations
Antioxidant enzymes activities, antioxidant capacity and free radical scavenging activity
The changes of certain antioxidant enzymes activities such as CAT and POD in 'Kim Ju' guava fruits are shown in Fig. 5A and 5B . It was found that H + 0.1 mM MeJA treatment retained a high level of CAT activity and enhanced POD activity during storage when compared to control fruit. In control fruit, CAT activity apparently decreased during storage for 6 d and then remained constant over storage whilst POD activity remained constant throughout the storage. In H + 0.1 mM MeJA treated guavas, CAT activity remained constant during storage for 9 d and then gradually decreased. Similarly, POD activity also remained constant during the storage for 9 d; afterwards, it obviously increased and reached to a peak on day 12 and then declined. Fig. 5C and 5D show the changes in antioxidant capacity and free radical scavenging activity In the control, antioxidant capacity remained constant and free radical scavenging activity decreased throughout storage. It has been acknowledged that the levels of antioxidant capacity and free radical scavenging activity in fresh commodities are associated with the concentration of bioactive compounds and the yields of antioxidant enzymes (Cao et al., 2009; Venkatachalam and Meenune, 2015; Asghari and Hasanlooe, 2016; Somata et al., 2017) . Regarding to the results shown in Fig. 4 , bioactive compounds concentrations of H + 0.1 mM MeJA treated guava fruit were also concomitant with the higher levels of both antioxidant capacity and free radical scavenging activity when compared to control fruit. In the similar vein, many previous works revealed that both heat and MeJA treatments can encourage the high levels of antioxidant and free radical scavenging activities in plants due to the stimulation of bioactive compounds and antioxidant enzymes activities (Paull and Chen, 2000; Chen et al., 2008; Wang et al., 2008; Meng et al., 2009; Zhang et al., 2009; Bassal and El-Hamahmy, 2011; Supapvanich et al., 2012) . Thus, the treatment of H + 0.1 mM MeJA could improve nutritional value of 'Kim Ju' guava fruit through the stimulation of antioxidant system.
CONCLUSION
The treatment of H + 0.1 mM MeJA could preserve visual appearance of 'Kim Ju' guava fruit through the prevention of browning incidence and brown rot during cold storage for 18 d when compared to H, 0.1 mM MeJA or control treatments. The H + 0.1 mM MeJA treatment delayed fruit softening due to the maintenance of high level of insoluble pectin and the inhibition of soluble pectin increase during storage. The H + 0.1 mM MeJA treatment also induced antioxidant capacity and free radical scavenging activity through the enhancement of total phenols, flavonoids and ascorbic acid concentrations, the stimulation of POD activity and the inhibition of CAT activity reduction. In conclusion, H + 0.1 mM MeJA treatment was a potential means maintaining visual appearance, retarding softening and enhancing nutritional value of 'Kim Ju' guava fruit during cold storage for 18 d. 
